We have reported the reductive debromination of certain a-bromo and a,a-dibromo carbonyl derivatives, namely ketones2 and esters1 to the corresponding ketones and esters by the action of hot N,N-dimethylaniline (1). The fate of bromine and the amine was not then investigated and is the object of the present work.
Results
We have used 3-bromocamphor (2) as the model compound, because its reaction with 1 is remarkably clean, giving camphor (3) in high yield. A standard acid base separation allowed to isolate a m ixture of all basic nitrogen containing compounds. Bromide ion was found in practically quantitative conver sions in the resulting water solution for longer reaction times (see Table I ). At least eleven products could be separated by gas chromatography using suitable combinations of stationary phases and further identified by mass spectrometry (Table II) , used both as a preliminary tool for structure determination and as a fingerprinting method for comparison with compounds obtained by different routes. The relative quantitative unimportance of products of such extremely high boiling points, th a t R equests for reprints should be sen t to Prof. Dr would not be eluted by gas chromatography was demonstrated by vacuum distillation (0.1 torr) of the amines mixture which left practically no residue (max. temp. 200 °C), although typical pH depending colors showed the presence of traces of high molecu lar weight dyes.
The more volatile components included aniline (4) , N-methylaniline (5), p-bromo-N,N-dimethylaniline (6) and camphor anil (7) . All the higher boiling components showed a dimeric framework, namely, th at of variously N,N'-polym ethylated oand p-diaminodiphenylmethanes (DDM's). They are: N,N'-dimethyl-o,o'-DDM (8) , N,N'-dimethyl-2?,p'-DDM (9) , N,N,N'-trimethyl-o,p'-DDM (10), N^ ' .N '-trim ethyl-o^'-D D M (11) , N,N,N'-trimethyl-2?,p'-DDM (12) , N^N 'jN '-tetram eth y l-o ,^'-DDM (13) and N^N '.N '-tetra m e th y l-^p '-D D M (14). The mass spectrum of the GC peak with reten tion time ratio 0.57 with respect to 14 in the analysis with SE 30 as stationary phase and the mass spectrum of the GC peak with retention time ratio 1.00 in the analysis with Versamide, respec tively belonging mainly to 11 and 14, showed the presence of the molecular ion of another N,N'-polymethylated-DDM, i.e., N,N'-dimethyl-o,j9'-DDM (15). This compound was prepared by an independ ent route and found to have the same GC properties; it showed the same mass spectrum as the one reconstructed for the hidden peak. Camphor anil (17) to give mainly 11 and some 13: the ratio of these two products was found to depend on the reaction tem perature. Compound 13 appeared to be produced via N-methylation by 17 . The same alcohol 16 with N-methylaniline (5) and N-methylanilinium bromide (18) gave as the m ajor product 15 with minor amounts of 8. No N-methylation took place in this instance. A p rio ri, compound 10, present in small amount in the mixture of the reaction of 1 with 2, and for which no independent synthesis was made, with its molecular weight 240 could have either the proposed structure of the isomeric one of N,N,N'-trimethyl-o,o'-DDM (19). We think th a t 19 is not in the m ixture on two grounds: the corresponding N,N,N',N'-tetrainethyl-o,o'-DDM is not present, most probably because of steric reasons, and in force of an extrapolation of the rationale explaining the relative variation of the m/e 134 and 120 peak intensity in the mass spectrum, as could be learnt from the mass spectra of 11 and 12 (quem vide, Table I I ) : in fact release of steric compression facilitated the formation of the ion at mje 120 for 10.
Discussion
The product analysis of the reaction between 1 and 2 appeared to be rather satisfactoy: e.g., in an experiment with 50% yield of camphor (3), we obtained bromide ion and oxidized N,N-dimethylaniline products of the DDM type respectively in 47% and 52% yield. Bromide ion was determined potentiometrically in water solution, whereas the yields of the organic material were determined by GC using internal standards.
Although we are unable to draw any definitive mechanistic conclusions a t the present time, we feel th a t some discussion about the a priori possible pathways to the observed products is pertinent. We shall review them critically, pointing to the relative merits and disagreements with observations now available to us.
3-Bromocamphor (2) is known to show none of the high electrophilic reactivity6 (Sn2 reaction) of common a-bromoketones, most probably because of steric hindrance to either exo or endo approach of a 21 base to the 3-carbon ato m ; 2 would not react with "any" amines, say, up to 100 °C to yield quaternized ammonium ions. If this reaction were possible at higher temperatures with relatively bulky and not so basic amines like 1, the reaction product 20 could further go on to the reduced ketone through an ever appealing six member transition state (Scheme I). In this case, the collapse of 20 to products, should be faster than the quaternization reaction.
An SnI reaction could also lead to 20, but this m ust be considered a forbidden proposal in con-nection with an a-bromoketone, moreover under not exactly solvolytic conditions. We feel that the mechanism envisaging 20 as a precursor to 3 is anyhow not correct, in view of the fact that both aniline (4) and p-toluidine (22), for which no such reaction can apply reacted with 2 at rates compa rable with 1 to yield 3 or the product of subsequent reaction of 3 with these amines: 7 and camphor p-methylanil (23) respectively (Table I) . If nitrogen quaternization had occurred to any large extent as necessary to support the above mechanism, the less bulky amines 4 and 22 should have reacted more easily than 1, thus subtracting 2 and 3 from material balance and largely suppressing the reduction reac tion. The expected product from this reaction should be 3-anilinocamphor (24), when aniline (4) was the reactant (Scheme II). Any such product HBr Another mechanistic possibility is an Sn2 reaction a t the partially positive8 bromine atom, leading to abstraction of the halogen, formation of the camphor enolate (25) and N-bromo-N,N-dimethylanilinium ion (26). These intermediates would eventually generate 3 by protonation and most probably 6 by rearrangement. As an alternative to the latter pathway, 21 could be formed via hydrogen bromide 1,2-elimination, a much less favoured bimolecular reaction (Scheme III). p-Bromo-N,Ndimethylaniline (6), in fact, could form even in a direct nucleophilic attack by the para position of 1 at the bromine atom of 2. B ut 6 was just a minor reaction product, when 1 was used. C-brominated amines were absent both in the aniline (4) and in the p-toluidine (22) experiments. N-Brom mated intermediates of the latter amines 4 and 22 should rearrange to undetected C-brominated products, like p-bromoaniline (27). As we saw, practically all bromine was converted to bromide ion in all the reductions of 2 with amines. The two primary amines 4 and 22 were then oxidized to different products which appreared as dark polymers. Incidentally, in the experiment with 4, collateral reactions gave N,N-diphenylamine (28)9 and cam phor anil (7), for which the reaction conditions are just right to produce then from 3 and 4. I f we consider th a t "positive" bromine compounds, like N-bromoamides are known to give ring brominated products in high yields in the reaction with aromatic amines10, we can therefore conclude th at, if an incursion of the bromonium ion abstraction mechanism cannot be ruled out, it m ust be of very minor importance to the overall process.
A one electron transfer from 1 to 2 could be the triggering step of the process, 3-bromocamphor anion radical (29) and N,N-dimethyl-N-phenylaminium ion (30) being its reaction products, possibly associated as an ion pair. Ion 30 would subsequently give up a hydrogen atom to the radical 31, formed by a bromide ion expulsion from 29 (Scheme IV). The observation th a t an initial high acidity of the medium, expected to speed up the reaction by protonating 2, had on the contrary a disactivating effect (Table I) volt for 2. Due to the irreversibility of the processes up to the highest velocities employed (100 volt sec-1), these values cannot be used to evaluate directly the Gibbs function change for the electron transfer reaction. However, the presence of two peaks in the oxidation curve of 2, attributed to the oxidation of the bromide ion, m ust be due to a successive chemical process, from which it can be inferred th a t the actual potential m ight be even more negative. Moreover, in the case of the oxidation of 1, the irreversibility seems to be due to a coupling reaction of the initially produced radical cation 30u . In conclusion, under these conditions, the large dif ference between the electrochemical potentials for the two reactions would signify th a t the electron transfer is thermodynamically forbidden. A separate experiment of thermolysis of 2 without added amine gave some camphor (3). Although a complete analysis of this reaction is not available at this stage, this is a definite indication th a t a radical cleavage of the carbon-bromine bond as the initial step is strongly suggested. The radical products of this first step would then react on as outlined in Scheme V. Form ation of radical 32 was already observed in the therm al decomposition of di-£-butylperoxide in 1 and the fate of 1 was found to depend on the presence of proton donors12. When acids were added to the mixtures disproportionation of 32 took place with final formation of 14, isolated by absorption chromatography. I t is remarkable th a t the very reactive bromine atom apparently enters a selective hydrogen abstraction reaction with little aromatic radical substitution (product 6) and perhaps no oxidative action (to 30)13. To our 
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HBr 32 knowledge, this is the first reported instance of the reaction of a bromine atom with an aniline.
Every mechanism we have discussed lead to the ion 21, which is the necessary interm ediate to the observed products of oxidation of 1. Scheme VI summarizes the essential steps to all the N,N'-polym ethylated DDM identified from this reaction. It is to be stressed that such an interm ediate has never been isolated. We may expect a high electrophilic aromatic reactivity from 21 in presence of strongly nucleophilic material like aromatic amines. N- D ealkylation7 and realkylation of aromatic amines (5)14 and dimeric compounds with different degrees are commonplace at such a temperature, as in the of N-methylation. The exclusive ortho and para Hofmann-Martius rearrangements ; whence wre find substitution pattern of the dimeric products was a both monomeric aniline (4) and N-methylaniline clear indication of the ionic pathway of the cou-
8-15
R* = H .C H 3 R"= H. CH, pling reactions15. Not necessarily all compounds need to form from a direct C-alkylation. Nuclear C to C migrations are greatly favoured by two factors: the great proton affinitj^ of the ortho and para positions and the great stabilization of the eventually leaving ring-aminosubstituted benzyl substituents. We have collected some evidence about the mobility of such substituents16. The alternative mechanism (Scheme VII) for the formation of the DDM's 8-15 is th a t of a direct reaction of the amines 1 and 5 with formaldehyde (33), reaction (3), formed by a possible hydrolysis (reaction (2)) of 21 by water produced by anil formation (reaction (1)). In fact, only catalytic amounts of w ater would be needed and such re actions were just those employed in this work to prepare 9 and 14 according to known procedures4-5. In absence of reactivity data on 21, if this mechanism were the correct one, reaction of 21 with little water should be much faster than direct coupling with 1 and 5. Also trapping of formaldehyde (33) by 1 and 5 should be extremely efficient and competitive with self polymerization, favoured by the fundamentally basic substrate and partly hampered by the high tem perature, because the yields of DDM's 8-15 were high. Experiment bound for trapping form aldehyde (33) failed to reveal any.
An indirect evidence against this mechanism Table II Infrared spectra were recorded with a Perkin Elm er Infrared Spectrophotometer 710 B; band calibration was made by the use of a polystyrene film. Spectra were recorded on neat liquids or with the K B r pellet method for solids. Proton NMR spectra were recorded with a Perkin Elmer NMR spectrometer R 12 B ; peak locations are given in < 5 values (ppm) using TMS as internal standard.
Gas chromatograms were obtained with a Perkin Elmer 900 Gas Chromatograph using nitrogen as carrier gas and a flame ionization detector. Steel a variety of stationary phases (SF 96 2^4%, SE 30 1%, Versamide 3-5% and FFA P 4% on Chromosorb W 80-100 mesh) were used with suitable programming between 80-300 °C. Mass spectra were recorded with an LKB 9000 GaschromatographMass Spectrometer (electron impact) both using the direct inlet system and the GC inlet a t 70 eV electron energy. The recorded spectra have both ion source and GC backgrounds subtracted.
N ,N -D im eth ylan ilin e (1) and 3-bromocamphor (2)
A typical experiment was as follows. The amine (1, 5 g) and 2 (1 g) were heated during eight hours on an oil bath a t 200 °C (reflux). Some white amine salt sublimed into the neck of the flask. The dark re action mixture was quickly extracted with ether and concentrated cold aqueous ammonia. The aqueous solution was essayed for bromide ion determination (yield: 47%), performed potentiometrically. The ether extract was treated with cold (-15 °C) con centrated hydrochloric acid. The aqueous layer was immediately made strongly alkaline with cold con centrated sodium hydroxide, extracted with ether and dried over sodium sulfate (amine ether solution: AES). The previous ether extract contained neutral m aterial (NES). GC careful analysis of the NES indicated th a t the only not basic compound formed in the reaction was camphor (3, 50%), which was separated by crystallization and identified by IR , NMR, UV, mp, mmp, ms, elemental analysis and GC characteristics from a 32 h experiment, when it was the only neutral compound present. GC preliminary analysis of the AES showed the pre sence of 12 components. GC-ms analysis revealed their identity: aniline (4, 1% )21, N-methylaniline (5, 87%), N,N-dimethylaniline (1), p-bromo-N,Ndimethylaniline (6, 0.5%), camphor anil (7, 1%) and eight different N,N'-polymethylated DDM's. Yields and GC-ms properties of the DDM compounds are shown in Tables I and II . Vacuum distillation of the amine m ixture with a simple apparatus gave a lower boiling fraction containing 1, 4 and 5, but did not separate any of the other components to a reasonable degree of purity. I t was possible to obtain 14 in a crystalline state by repeated crystal lizations of the last fraction, b.p. 148-162 °C (0.1 torr), mp. 88-90 °C (m m p.: no depression). The identification of all other amines was based on the comparison of their GC retention (enhancing technique and retention times ratios) and ms properties with those of compounds obtained by different routes, whenever these were prepared.
In a 3 h experiment under the same conditions 9.5 mmol of 1 were present as hydrobromide from the beginning of the reaction. The results are shown in Table I 6.94 (m, 8H). In another experi m ent the same amounts of the reagents were kept a t 110 °C during 4 h. E ther extraction of the reac tion m ixture, after treatm ent with aqueous cold sodium hydroxide gave a solution containing four m ajor components as shown by GC-ms: the two wanted products 11 and 13 (yields: 35% and 26% respectively) and, in addition, 14 (14%) and 12 (6 %). (2) and aniline (4) Aniline (4, 5 g) and 3-bromocamphor (2, 1 g) were heated during 24 h a t 200 °C on an oil bath. The cooled solution was treated with aqueous 30% sodium hydroxide (15 ml) and extracted with ether. Tar formation was extensive. The dark ether solu tion was then worked up as described for the N,Ndimethylaniline reaction, obtaining a dark AES and a colorless NES. The former contained camphor anil (7, 87%) and N,N-diphenylamine (28, 9%, calculated on initial aniline). The latter contained comphor (3, 7%) and unreacted 2 (2%). No other product was detected by GC. The yield of bromide ion was 98%.
3-Bromocamphor

3-Bromocamphor (2) and p-toluidine (22)
The reaction was run as described for aniline. Camphor (3) was formed in 26% yield. All 3-bromo camphor (2) had disappeared. Camphor p-methylanil (23) was obtained in 51% yield. The AES contained also N,N-di(p-tolyl)amine (42) together with a number of products of C-demethylation, i.e., aniline (4), camphor anil (7) and N-phenyl-p-toluidine (43). In the amine m ixture GC-ms analysis at high tem perature (240 °C) on a silicone column revealed the presence of a compound with a mole cular weight 312 (M+), exhibiting ms fragmentations with losses of either a methyl group or C7H 7 from the parent ion. This compound, whose structure was not elucidated, disappeared after a few hours' standing in the AES a t low temperature. (2) and N,N-Dimethyl-p-toluidine (34)
3-Bromocamphor
The reaction was carried out after exactly the same fashion as for 1. Treatm ent of the cooled m ixture with 30% aqueous sodium hydroxide and ether caused the formation of a large amount of a partly water (pH 7) soluble white polymer, which was separated. The ether solution underwent the usual acid base separation. The NES contained camphor (3, 58%) and unreacted 2 (41%). The higher tem perature GC-ms analysis showed the presence of three components, which, on the basis of their mass spectra, were identified as the fol lowing compounds: 2,2'-di(N,N-dimethyl-4-toluidino)methane (37, 5%), N,N,N'-trimethyl-2,2'-di(4-toluidino)methane (36, 20%) and 2,2'-di(N-methyl-4-toluidino)methane (35, 17%).
Thermolysis of 3-bromocamphor (2)
A) The ketone 2 was kept at 200 °C in a sealed evacuated glass tube during 3 h. Upon opening the tube, little H B r evolved. The solid and dark mix ture was taken up with eth er: some powdery black m aterial did not dissolve. GC-ms analysis showed only two components, unreacted 2 and 3, in the molar ratio 7.5:1. 3,3-Dibromocamphor (39) was absent. The recovery of 2 and 3 amounted to 59%.
B) The ketone 2 was heated during 8 h a t 200 °C in a round bottom flask equipped with a Claisen condenser, a receiver kept a t -20 °C and an HBr trap (15 ml water). R ather extensive ta r production was observed, but only 1.5% HBr was obtained. Camphor (3) and 2 were the only components of the reaction m ixture revealed by GC over a wide range of tem peratures (50-300 °C).
N,N-Dimethylaniline (1) and N,N-dimethylanilinium bromide (17) The amine 1 (42 mmol) and 17 (2.5 mmol) were kept a t 200 °C during 8 h. After treatm ent with
